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�® Motivation

�® Illustration with the large B0 �  � ’ K + � - sample. 

�® Observation of B0 �  X(3872) K+� - decay mode

�® � (B0 �  X(3872) K+� -) measurement

�® M(K��� study

�® Evidence of B+ �  X(3872) KS
0� + decay mode

�® Summary
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KEKB and Belle
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Radiative and eXotic decay(s) of X(3872)
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Study of B���� X(3872) K�
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� With full data sample (711fb-1) and reprocessed data, one expects 
more sensitivity to the study. 

� Improved analysis technique.

� Further,  B+� X(3872)KS
0� +  is also studied in an attempt to increase 

the statistics. 
� Exploit B� � ’ K � as calibration mode to train and calibrate 

B� X(3872) K� decay mode.
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Selection criteria
• B0 �  � ’ (K +� -) and B0 �  X(3872) (K+� -) selection criteria

• Beam-constraint mass 

Mbc = � ������
���������� � �

� > 5.27 GeV/c2

• To avoid combinatorial background from � + � -

� M � + � � >  (M(�  + �  � J/ � ) � (m J/� + 0.2 GeV/c2))

• Fit was performed in 2-D using � E & MJ/���  
� -0.1 GeV <  DE < 0.1 GeV
� 3.64 < MJ/���  < 3.74 GeV/c2  for B0 �  � ’ (K +� -)
� 3.82 < MJ/���  < 3.92 GeV/c2  for B0 �  X(3872) (K+� -)

Based upon above selection cuts, reconstruction efficiency from MC is:
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B0 �  X(3872) (K+� -) �$��

B+ �  X(3872) (KS
0� +) ���0
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Signal Extraction
For signal extraction :
� 2-D fit to � E & MJ/���   to observe B �  X(3872) (K� ) decay 

mode.

� Background estimated from :
� Large B� J/� X signal MC (x 100 times data)
� Non-J/� background estimated using J/� mass sidebands.
� 89fb-1 off resonance data collected at 60 MeV below %&'().

� Major background comes from B� J/� X processes.

9

� The procedure is first tested with B0 �  � ’ (K +� -):
o Same final state
o Larger statistics (~2600 events).



10

2-D Fit (� E and MJ/���  )
B0 �  � ’ K + � - decay mode 

Fit parametrization

Signal 

B� (J/��� )(K� )not signal

B�� ’ X 

Combinatorial

M����	������
�����-
�*���+����	����7
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Peaking background     
� Same final state,  B� (J/��� )(K� ), peaks at DE
� Decay modes of the type B�� ’ X, peaks at MJ/���  



Control sample in data

11B0�� ’ K �  decay mode is used to calibrate our PDF resolutions. 

���� (B0 �  � ’ K + � - ) =   (5.79 ±0.14) × 10-4

Belle latest measurement�:  (5.80 ± 0.16 ± 0.32)× 10-4 

� This ���� includes � ’ � J/���  and � ’ � ll and  is estimated using full amplitude fit result.

Projection of
3.678 < MJ/���  < 3.692 in GeV/c2

Projection of
| � E |<0.02 GeV

Signal 

B� (J/��� )(K� )not signal

B�� ’ X 
Combinatorial

B0 �  � ’ K + � - decay mode 

PRD 88, 074026 (2013) 
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Different components of M(K� ) system
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� @������	� � (B0�� ’K +� -) includes all  possible components:
� K*(892), K2*(1430) and (K+� -)NR, etc ..

� Interesting to separate the resonant and non-resonant components
� Fit to M(K� )

We fit � E & MJ/���  in bins of  M(K� ) to obtain background 
subtracted  M(K� ) distribution 
� Fit the resultant M(K� ) distribution to extract the resonant (K*) 

and non-resonant (PHSP) components.

50 MeV/c2 wide for � ’ and 100 MeV/c2 wide for X(3872) 



Yields and Errors provided 
by 2-D fit in each bin of MK�

MK�  (GeV/c2)
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Yield from 2-D fit with 50 MeV wide bins of 
MK�

M J/���

� E

M J/���

� E
M J/���

� E



� (B0 �  � ’ K*(892)0) =   (5.88 ±0.18) × 10-4 [ Measured ]  (stat. only)
= (6.1±0.5 ) × 10-4 [ PDG ]
=   � 5.55 	
����
����


����
���� × 10-4  [ Belle latest measurement] 

B� � ’ K*(892) : largest contribution over the rest
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B0 �  � ’ K*(892)0

B0 �  � ’ K 2*(1430)0

B0 �  � ’(K � )NR

Fit to background subtracted 
M(K ��
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PRD 88, 074026 (2013)
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B0� X(3872) K+� - decay mode 
study
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2-D (� E - MJ/���  ) Fit to data for 
B0� X(3872) K+� - decay mode 

A clear signal peak is observed for B0� X(3872)K+� - decay mode

� (B0� X(3872)K+� -)×� (X(3872)� J/�� +� -) =  (7.91 ± 1.29 ±0.43)×10-6

16

7 �

116± 19 B� X(3872)K�

Background from 
B� (J/��� )(K� )

Projection of  
3.863 < MJ/���  < 3.878 in GeV/c2

Projection of 
| � E | <0.02 GeV
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B� X(3872) X 
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B0 � X(3872) K*(892)0

B0 �  X(3872) (K� )NR
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Fit to background subtracted 
M(K ��

B0� X(3872)K+� -

��� � � &�'�(�	! " ��#�	 � 	 � ��! " ��#�	 � � ! 
 $ 
 	
��� � � & '�(� ! 
 $ 
 	

�����

������
���
����� �


� ����7
���	��
�
� F
����������C�������
�����@�
� M�+����	
����*�-�����
��
�
�����7
���
��

�
����

��� � � �  ! " ��#�	 � 	 � ��! " ��#�	 � � ! 
 $ 
 	
��� � � ��%! 
 $ 
 	

;��$BI����&�����)
-*
��

� J�����7���	���� M(K� ) 	�������*��
�
�����
����
����'��2��9� !

� �����	�	�� ! 5&�'0�)�
���*
���
�



B+ �  �����	 � KS
0� +

!��J@6��
�

B� X(3872)KS
0�

Background from 
B� (J/��� )(KS

0� )

#�:��
#9!D

First evidence  for B+� X(3872)KS
0� + decay mode

� (B+� X(3872)K0� +)×� (X(3872)� J/�� +� -) =  (10.61 ± 3.04 (stat)±0.85(syst))×10-6
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B+ �  � ’ K S
0 � + decay mode is used as calibration mode.

Projection of  
3.863 < MJ/���  < 3.878 in GeV/c2

Projection of 
| � E | <0.02 GeV



Summary 
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B+ �  � ’K S
0� +

Signal 

B� (J/��� )(KS� )not signal

B�� ’ X 

Combinatorial

$!
I0��
�=����

!��J@6��
�

Projection of
3.678 < MJ/���  < 3.692 in GeV/c2

Projection of
| � E |<0.02 GeV

���� (B+ �  � ’ K 0 � + ) =   (6.00 ±0.28(stat)) × 10-4

World Average:  (5.88 ± 0.34)× 10-4 
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